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Abstract
We provide the first record of the shallow and mesophotic (< 150 m depth) antipatharian coral Antipathes grandis
VERRILL, 1928 from the Indian Ocean. First described from Hawaii, A. grandis was recently found on a mesophotic
coral reef in SW Madagascar. Its identity was confirmed by means of morphological and molecular analyses
(cytochrome c oxidase subunit I). These findings not only expand our knowledge of the potential geographic range
of antipatharian corals, but also challenge the belief that only deep-sea (> 200 m depth) benthic taxa have such
wide geographic distributions.
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Introduction
Corals in the order Antipatharia MILNE-EDWARDS &
HAIME, 1857 (Anthozoa: Hexacorallia) – commonly
known as black corals – inhabit all oceans at depths ran-
ging from 2m down to 8600 m (Roberts et al. 2009;
Wagner et al. 2012). Around 273 antipatharian species,
within 45 genera and 7 families, have been described.
Despite their importance as habitat providers on reefs at
all depths (Love et al. 2007; Tazioli et al. 2007; Suarez
et al. 2015; Gress and Andradi-Brown 2018), ecological
studies of these corals are still very limited. Moreover,
long-term ecological studies are rare. Exceptions include
the ecological studies dedicated to Antipathes grandis,
which was the first antipatharian species described from
Hawaii (Verrill 1928).
Vast aggregations of A. grandis (VERRILL, 1928) were
first documented in the late 1960s on mesophotic reefs
off the western side of Maui, Hawaii (Grigg 1964, 1965,
1984, 2001). The arborescent colonies of A. grandis and
Antipathes griggi (Opresko 2009) have been harvested
for their skeleton to support the black coral jewellery in-
dustry since their discovery in Hawaii (Grigg 1984, 2001;
Montgomery and France 2006; Wagner et al. 2010). This
commercial exploitation of antipatharian corals has been
the impetus for ecological studies on these two species
for several decades in Hawaii (Grigg 1964, 1965, 1984,
1993, 2001; Kahng and Grigg 2005; Wagner et al. 2010,
2017). The harvesting was presumed to be sustainable
(Grigg 1984, 1993, 2001), although the latest findings
demonstrate that the populations were declining after
several decades of exploitation (Grigg 2004; Montgom-
ery and France 2006). These ecological studies, however,
are some of the lengthiest and most detailed ones con-
ducted on any antipatharian species to date.
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The most recent study of A. grandis (Wagner et al.
2010) re-examined and re-described the holotype of this
species, providing detailed photomicrographs of its
spines for the first time. The study included morpho-
metric and molecular analyses of 34 colonies of A.
grandis, and incorporated in situ observations that en-
abled differentiation between A. grandis and its sympat-
ric congener A. griggi. Importantly, it documented an
array of morphological features that support the taxo-
nomic identification of these two species. Moreover, the
mitochondrial and nuclear DNA sequence data from this
study provided insights into useful genetic markers that
can help differentiate among antipatharian taxa of the
family Antipathidae.
Detailed morphological features of A. grandis were
reviewed by Wagner et al. (2010) and summarised in
Wagner (2015). Overall, the depth range of this species,
in Hawaii, spans from 27m to 127 m, and three colour
morphotypes have been reported: white, pale-red and
red. A. grandis forms arborescent colonies that can reach
over 3 m in height with long branches disposed irregu-
larly in all sides of the corallum (Fig. 1). Terminal
branchlets can reach 10 cm in length, with a maximum
branch diameter of 0.273 mm without tissue. Spines on
the terminal branchlets are conical, non-bifurcated and
covered with circular to elongated papillae from the dis-
tal end down to about three-quarters of the distance to
the base (Wagner et al. 2010; Wagner 2015; Fig. 2). The
height of the spines on the terminal branchlets, as well
as polyp density and transverse diameter, are sum-
marised in Table 1.
Unconfirmed reports of A. grandis from China (Zou
and Zhou 1984) and Indonesia (Tazioli et al. 2007) exist.
Also, specimens collected in the Marshall Islands, Palau
and Tonga - deposited in the National Museum of Nat-
ural History (NMNH), Smithsonian Institution - were
provisionally identified as A. cf. grandis. Verification of
their identity by means of morphological and molecular
analyses are not available and were beyond the scope of
our study. Here, we present results of taxonomic and
genetic analyses conducted on two antipatharian speci-
mens collected off the south-western shore of
Madagascar, where other > 20 antipatharian species have
been documented (Pichon 1978; Terrana et al. 2020).
Morphological and molecular results support the identi-
fication of the red and white morphotype as A. grandis.
Having been originally described from Hawaii, this first
report of A. grandis from the Western Indian Ocean
represents a considerable range expansion of this
species.
Fig. 1 A. grandis colonies from SW Madagascar examined in this study. White morphotype (top) and red morphotype (bottom). From left to
right: full colonies, branches, and polyps. Scale bars of polyp images = 0.5 mm
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Materials and methods
Sample collection
Two branching antipatharian colonies each about 1.5 m
wide – a white and a red colour morphotype (Royal Bel-
gian Institute of Natural Sciences in Brussels,
INV.131346) - were sampled in December 2018 at 40 m
depth on a mesophotic coral reef located off the north-
ern part of the Great Reef of Toliara (GRT), in SW
Madagascar (23°21.345′ S, 43°36.348′ E). Each 20 cm
sample was divided into two sections. For molecular
analyses, 5 cm subsamples were preserved in 100% etha-
nol, whereas for morphological examination, 15 cm sub-
samples were preserved in 75% ethanol.
Morphometrics
From each of the samples preserved in 75% ethanol,
three sub-samples were cut from the terminal
branchlets. The six sub-samples were dried in a critical-
point dryer using CO2 as the transition fluid (Agar Sci-
entific Ltd.) before being mounted on aluminium stubs
and coated with gold in a JFC-1100E (JEOL) sputter
coater. Samples were observed and photographed with a
JEOL (JSM-7200F) scanning electron microscope (SEM).
Photographs were further analysed with the software
Image J (Schneider, et al. 2012) to obtain information on
the height and morphology of the polypar and abpolypar
spines and the diameter of the terminal branchlets. The
transverse diameter of the polyps was determined using
images taken with a Leica camera (MC190HD) and ana-
lysed in the software Image J. The number of colonies
examined (N), the number of measurements taken of
each feature (n), the protocols followed to conduct mor-
phometrics and overall results are in Table 1.
Molecular analyses
Total genomic DNA of each sample was extracted using
a QIAGEN DNeasy Blood & Tissue Kit following the
manufacturer’s protocol. The concentration and quality
of DNA were examined at 260 nm using a spectropho-
tometer (DeNovix). With regard to mitochondrial DNA,
the cytochrome c oxidase subunit I (cox1) – that con-
tains the ‘Barcode of Life’ – and the intergeneric region
(IGR), located between cox1 and the cytochrome c oxi-
dase subunit III (cox 3), were amplified using the
primers CO3anti3509F (5′ TGG TAT TGG CAT TTT
GTG GAT GT 3′) and CO1 gen4446R (5′ CCA TAA
ATA GTG GCC AAC CAA CTA 3′) (Wagner et al.
2010). Concerning nuclear ribosomal DNA (rDNA), the
first internal transcribed spacer (ITS1) was amplified
using the primers F18S1 (5′ CGATYGAAYGGTTTAG
TGAGGC 3′) and ITSc1 (5′ CATTTGCGTTCAAAGA
TTCG 3′) (Flot et al. 2011). Polymerase chain reaction
(PCR) amplifications were carried out in 50 μL reaction
mixes using Taq Red’y’StarMix (Eurogentec) - using an
annealing temperature of 51 °C with an extension at
72 °C for 120 s for cox1 - and an annealing temperature
of 52 °C with an extension at 72 °C for 30 s for ITS1.
The presence of PCR products was visually checked in a
2% agarose gel in Tris-Borate-EDTA buffer. PCR prod-
ucts were Sanger-sequenced in both directions (Eurofins
Genomics). Sequences are publicly available in GenBank.
Accession numbers (Acc. No) of red morphotype:
MT457945, MT444761; Acc. No. of white morphotype:
MT457944, MT444760; IGR-cox1 and ITS1 regions,
respectively.
Phylogenetic analyses
Newly-generated mitochondrial IGR-cox1 sequences of
each colour morphotype from Madagascar were added
to the cox3-IGR-cox1 dataset presented in Fig. 5 in Brug-
ler et al. (2013). Given that cox3 data were not obtained
Fig. 2 Scanning electron micrographs of terminal branchlets and
abpolypar spines. Terminal branchlets represented by capital letters, with
their respective lower case indicating the close-up of an abpolypar spine.
From top down: A. grandis holotype – unknown colour (A, a); A. grandis
from Hawaii – white (B, b); A. grandis from Madagascar – white (C, c); A.
grandis from Hawaii – red (D, d); A. grandis from Madagascar – red (E,e).
Terminal branchlets from the Malagasy specimens (C, E) clearly show
polypar spines at the bottom side of the branchlet. Indicative scale bar of
terminal branchlets = 100μm. Indicative scale bar of spines = 10μm
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for the Malagasy specimens, and difficulty aligning the
intergenic region with outgroups, these two regions were
removed from the alignment prior to analysis. The final
data set consisted of 58 taxa and 797 sites. Multiple se-
quence alignment was determined with MAFFT (Mul-
tiple Alignment using Fast Fourier Transform) v7 online
(http://mafft.cbrc.jp/alignment/server/) using the follow-
ing parameters: strategy: L-INS-i, gap open: 1.53, gap
offset: 0.00 (Katoh et al. 2002, 2005; alignment available
upon request to MRB). The Akaike information criterion
(AIC) was implemented within jModelTest v2.1.10 (Dar-
riba et al. 2012) to determine the appropriate evolution-
ary model and corresponding parameters [p-inv: 0.5400,
gamma shape: 1.2640, freqA: 0.2374, freqC: 0.2047,
freqG: 0.1983, freqT: 0.3596, (AC): 1.7415, (AG) & (CT):
8.5935, (AT): 1.1501, (CG): 0.2904, (GT): 1.0000] for the
data set (number of candidate models: 88; number of
substitution schemes: 11; base tree for likelihood calcula-
tions: BioNJ). TVM + I + G was selected by AIC as the
best model. A maximum likelihood (ML) based phylo-
genetic tree was built using the command-line version of
PhyML v3.1 (Guindon et al. 2010). PhyML parameters
included a tree topology search consisting of the best of
NNIs and SPRs, a BioNJ starting tree, and 1000 boot-
strap replicates.
Results and discussion
Results of the morphological examinations of the two
Malagasy A. grandis specimens are summarised in Table
1. In addition, raw morphometric data from the Hawai-
ian specimens studied by Wagner et al. (2010) were rea-
nalysed to present results for each colour morphotype.
However, the number of measurements of each feature
(n) and number of colonies examined (N) differ consid-
erably between studies – and within each colour mor-
photype in Wagner et al. (2010) (Table 1) – to allow for
a strict comparison. In addition, the measurement proto-
cols differ in some instances. Protocols followed for the
Malagasy specimens (this study) were designed to ensure
consistency in the measurements and target the most in-
formative areas of the specimens. Regardless, all mor-
phometric results from the Malagasy specimens fall
within the ranges reported in the intraspecific study
from Hawaii independently of the colouration (Table 1).
For instance, the height of polypar spines ranged from
0.091 to 0.161 mm in the Malagasy samples, while they
ranged from 0.049 to 0.168 mm in samples from Hawaii.
The wider ranges reported in the Hawaiian population
might be due to the larger number of specimens exam-
ined (N = 34 vs. N= 2), and the fact that the measure-
ments might not have been taken at the same relative
Table 1 Summary of morphometric results of the A. grandis holotype, the 34 samples examined from Hawaii (Wagner et al. 2010,
including analysis of raw data not previously published), and the samples examined from Madagascar in this study – with a focus
on most informative features. The number of colonies examined or samples of individual colonies (N), and the number of
measurements taken of each feature (n) is specified. Measurement protocols apply for the specimens from Madagascar (ʍ), since
measurements of the Hawaiian samples were taken randomly





Red White Red White
COLONIES N = 1 N = 5 N = 25 N = 4 N = 1 N = 1
Colony height (m) 1.28 > 3 > 3 > 3 ~ 2 ~ 2
Bathymetric range (m) 88–127 27–127 88–127 40 -? 30 -?
BRANCHLETS n =? n = 24 n = 100 n = 20 n = 10 n = 10
Longest terminal branchlet
length (mm)













Taken at the middle point of the
branchlets without spines (ʍ)
SPINES n = 100 n = 120 n = 490 n = 100 n = 50 n = 50












Distance between the apex and the
centre of the base of the same spine -
from terminal branchlets middle point (ʍ)












POLYPS n = 20 n = 26 n = 64 n = 20 n = 10 n = 10
Density of polyps per cm - range 7–10 6–11 7–11 7–13 9–13 9–13 Counted from the middle part of the
terminal branchlets (ʍ)














Avoiding measuring from areas with
juvenile polyps (ʍ)
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locations along the terminal branchlets in the two
studies.
Only two colour morphotypes were observed in
Madagascar: red and white (Fig. 1). Colonies were ob-
served between 30 m and 40m depth, although the max-
imum depth range remains unknown. In Hawaii, the
white and pale red morphotypes were exclusively ob-
served between 88m and 127 m. Depth range of the Ha-
waiian red morphotype was 27 m to 127 m. Despite the
minimum depth range discrepancy and other differences
in the ranges of some of the morphometrics (see Table
1), all colour morphotypes in Hawaii (i.e. all 34 colonies)
were taxonomically determined as being the same spe-
cies. The taxonomic identification was supported by the
molecular analysis which showed no variation within the
mitochondrial cox3-IGR-cox1 region (Wagner et al.
2010). Features of polypar and abpolypar spines on ter-
minal branchlets – one of the most informative charac-
teristics (Opresko 1974) – did not differ from the
Hawaiian specimens (Fig. 2). Spines of both colour mor-
photypes from Madagascar showed slight variations in
the coverage and thickness of papillae (Fig. 2). This vari-
ation was also reported for the spines on the holotype
and the other Hawaiian A. grandis specimens (Wagner
et al. 2010, Fig. 2). Therefore, based on the morpho-
logical examination, both colour morphotypes could be
identified as A. grandis.
Synonymous substitution rates in anthozoan cox1
mtDNA were shown to be 50–100 times slower than rates
for other multicellular animals (Hellberg 2006). Molecular
sequence evolution within antipatharian mtDNA was
shown to be at least 2.3 times slower than corals in the
subclass Octocorallia (Brugler et al. 2013). Therefore,
minor variations in the mtDNA might represent a distinct
species based on the molecular evolution of antipathar-
ians. Of the suite of mtDNA markers that are typically se-
quenced for antipatharians phylogenetics (trnW-IGR-
nad2, nad5-IGR-nad1, and cox3-IGR-cox1), mitochon-
drial cox3-IGR-cox1 consistently reveals a larger number
of unique haplotypes when compared to the other
mtDNA regions (Brugler et al. 2013). The IGR-cox1 re-
gion sequenced from the Malagasy white morphotype dif-
fered from the Hawaiian A. grandis at a single position (a
purine transition) across 820 bp, which is captured in the
ML phylogenetic tree (Fig. 3). However, morphological
characteristics align this white morphotype with other A.
grandis samples examined (Table 1, Fig. 2). Confirmation
of its taxonomic identity will necessitate examination of
other individuals. For instance, sequencing additional
mtDNA markers that have recently been proposed to be
more variable (nad4; Barrett et al. 2020), and application
of next generation sequencing techniques (e.g., ultracon-
served elements and exon loci; Quattrini et al. 2018). The
red morphotype from Madagascar was genetically identi-
cal to the Hawaiian A. grandis across 817 bp of IGR-cox1,
which validates its identification as A. grandis. Nuclear
ITS1 is a region that has been found to be highly variable
within a single individual in most multicellular animals.
Within antipatharians, ITS1 appears to evolve even slower
than mtDNA (Brugler et al. 2013). The ITS1 chromato-
grams of the red (452 bp) and white (421 bp) morphotypes
from Madagascar contained instances of double peaks in a
single position. As previously shown (Wagner et al. 2010),
after resolving such ambiguities, ITS1 sequences revealed
no variation beyond that of mitochondrial IGR-cox1.
Conclusion
Based on morphological similarities with the holotype
and the Hawaiian specimens, as well as IGR-cox1 se-
quence alignments, the red morphotype from
Madagascar was identified as A. grandis. This represents
the first record of this species from the Indian Ocean,
and the widest geographic distribution of a shallow and
mesophotic antipatharian confirmed by morphometric
Fig. 3 Maximum likelihood (ML) based phylogenetic tree built with the newly-generated IGR-cox1 sequences of each colour morphotype from
Madagascar, andthe cox3-IGR-cox1 dataset presented in Fig. 5 in Brugler et al. (2013)
Gress et al. Marine Biodiversity Records           (2020) 13:12 Page 5 of 7
and molecular analyses. Based on morphometric exam-
ination alone, the white morphotype was provisionally
assigned as A. grandis. However, because of the single
substitution in the IGR-cox1 sequence alignment (820
bp), this white colour morphotype requires additional
molecular analyses.
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